Abstract. A constant infusion of 8H-testosterone and 14C-androstenedione was administered to four human subjects, two males and two females, until the concentrations of radioactive testosterone and androstenedione in systemic plasma became constant. At that time the concentrations of radioactive testosterone and androstenedione in hepatic vein plasma were determined. Splanchnic extraction of testosterone and androstenedione and the contribution of the splanchnic system to the blood interconversion of testosterone and androstenedione were calculated.
Introduction
There is strong evidence indicating that the liver plays an important role in the clearance of steroids from blood. It is particularly rich in enzymes active in steroid catabolism, as -shown by in vitro incubations and perfusion studies (1, 2) . Furthermore, it has been observed that the half-life of steroids such as cortisol and aldosterone is prolonged in liver disease (3) (4) (5) . Steroid extraction by the liver does not depend only on the enzymatic activity of the hepatic cell, but also on the amount of steroid presented to intracellular enzymes (6) . This in turn is influenced by hepatic blood flow and by steroid binding to plasma proteins. An inverse correlation between degree of protein binding and plasma clearance has been reported for cortisol (6) (7) (8) (9) (10) . If the clearance of testosterone (T) and androstenedione (A) 1 from blood is due mainly to the liver, a relation should be found between these clearances and the hepatic extraction of the two androgens. Since the metabolic 1Testosterone (T) = 17fi-hydroxyandrost-4-en-3-one; Androstenedione (A) = androst-4-ene-3, 17-dione. clearance rate (MCR) 2 of T is smaller than that of A (11, 12) , we should expect an hepatic extraction of A greater than that of T. Horton and Tait (11) studied the role of the splanchnic organs in the metabolism of T and A in four subjects by infusion of 14C-A at a constant rate through a nasogastric tube inserted into the lower stomach. Two of these subjects received, simultaneously, a constant infusion of 'H-T intravenously. The investigators reported that only 6.3% of the orally infused A entered the general circulation as a, and they calculated indirectly that most of the conversion of A into T was extrasplanchnic (11) .
In the present study, four subjects were given a constant intravenous infusion of 'H-T and 14C-A. When the concentration of radioactivity of the two androgens in peripheral vein plasma (or right atrium plasma) had become constant, the concentration of radioactivity in hepatic vein plasma was also determined. Our findings are reported in this paper. Methods
The following experimental subjects were studied. In subjects 2, 3, and 4, samples were collected during cardiac catheterization for diagnostic purposes. These samples were selected because they had well compensated lesions without cardiac insufficiency, along with entirely normal liver and kidney functions. Subject G. L. was a normal volunteer. We obtained permission for the study from the patients or the parents, as requested by the institutions involved.
A simultaneous constant infusion of 'H-T and '4C-A was administered by means of a technique described previously (12) . At time zero, a priming dose of 3-5 /uc of 'H-T and 2-4 Atc of "C-A dissolved in 20 ml of normal saline solution was injected intravenously. 20 min later, a constant infusion of these two radioactive steroids was given for at least 70 min. The rate of the infusion was 0.4 ml/min (0.03-0.05 uc of 'H-T and 0.02-0.04 Asc of "C-A/min. Blood samples (40 ml each) were taken from a peripheral vein 10 min before time zero and at different intervals during the constant infusion. In some instances, the periphreal vein sample was replaced by a sam- 2 Metabolic clearance rate (MCR) = X 1.44; R = rate of radioactive infusion in cpm/min; Cr = plasma radioactive concentrations in cpm/ml at equilibrium; Production rate in blood (PB) = MCR X C; C = plasma hormone concentration in mg/liter. ple obtained with a catheter placed in the right atrium. At time 60 min or-later, a catheter was inserted into a femoral vein and brought up into the hepatic vein where blood samples were collected. The location of the catheter was determined by its position shown by X-ray and by oximetry. In patient G. L., a blood sample was also obtained from the renal vein. To avoid dilution of the blood, the first 5 ml of all samples taken with the catheter were discarded.
The determination of the amount of radioactivity in plasma T and A was performed in the samples collected during the constant infusion according to a technique published elsewhere (12) .
The concentration of T and A in peripheral vein plasma was determined by using a double isotope derivative technique described previously (13) .
Calculations
MCR, PB, and interconversion between T and A were calculated as described by Tait (14) and Horton and Tait (11) . Splanchnic extraction (SE) 3 was determined using Fick's principle (6) :
Difference in concentration in afferent and efferent plasma Concentration in afferent supply 3 Definition of terms used subsequently: PBBTA, transfer constant from blood T to blood A p SBTA, transfer constant from splanchnic T to blood A PBBAT, transfer constant from blood A to blood T p SBAT, transfer constant from splanchnic A to blood T From this formula, the splanchnic extraction of T will be:
However, in the present study, the above formula is not entirely correct, since a fraction of 3H-AB entering the splanchnic pool will leave this pool as 3H-T and must therefore be subtracted from 3H-Ts:
SE ('H-T) = 1 -'HT + PBBTA X P8BAT. [3] [4]
In equation [4] , PBBTA X PSBAT is negligible and Fick's principle can be applied in the present case.
Similarly: SE ("C-A) = 1 -14C-A + PBBAT X PSBTA, [5] in which PBBAT X p EBTA is also negligible. X-"C-TB X 3H-AB 14C-AB X 'H-TB However, some of the T and A entering the splanchnic circulation will eventually return to the liver and further interconversion will occur. A maximum value for the transfer (maximum transfer) can be calculated from the SE and the psB value, assuming no extra splanchnic extraction (see Appendix):
Maximum transfer = P BB XIf there were significant extrasplanchnic extraction present, the splanchnic interconversion due to recirculation would be lower than the value of maximum transfer.
Results

Plasma concentration of radioactivity in T and
A during the constant infusion. The concentrations of 3H and 14C radioactivity in T and A in peripheral vein (or right atrium) plasma are presented in Table I . The values shown represent the mean of three different samples except for patients 3 and 4, from whom only two samples were collected. The concentrations in the hepatic vein samples are also shown in Table I . These samples were always obtained just before the last peripheral vein sample. The PB (T) and PB (A) and transfer constant of subject 1 have already been published elsewhere (12) .
Splanchnic extraction, metabolic clearance rate, plasma concentration, and blood production of T and A. Mean percentage extraction after one passage through the splanchnic system was 44.0 for T and 82.3 for A. MRC, plasma concentrations, and PB rates for T and A are shown in Table II . The plasma concentration of A in patient 2 was unexpectedly high. This determination was confirmed in a second aliquot of the same plasma sample.
Renal extraction and interconversion of T and A in subject G. L. In subject G. L. (No. 1) , the plasma concentration of radioactivity in T and A in the right renal vein was determined during equilibrium. The following results were obtained: 3H-T 3780, 14C-T 148, 3H-A 224, 14C-A 1780 cpm/100 ml of plasma. These values are not significantly different from those found in the peripheral vein samples, which suggests the absence of extraction and interconversion of T and A by the right kidney of this patient. average in four adult males (2200 liters/day), our average MCR(A) for four normal females was lower and ranged from 1230 to 1385 liters/day.
The two female subjects of the present study had MCR(T) and MCR(A) values similar to those of our normal female subjects. On the other hand, the MCR(T) and MCR(A) of the two male subjects were definitely lower than our control values. Subject 1 was a normal male, whereas subject 2 who was submitted to cardiac catheterization for diagnostic purposes had normal liver function tests. Anesthesia and surgical stress can decrease liver blood flow and can alter liver function as well. It is possible that the over-all stress related to the catheterization can produce a certain degree of liver disturbance in some subjects.
Our data indicate that 44% of T and 82.3% of A are removed from the circulation after one passage through the splanchnic system. According to generally accepted concepts, this extraction probably occurs in the liver. If there were no extrahepatic extraction, the metabolic clearance rate of T and A should be 44 and 82.3% of the hepatic plasma flow. Since the hepatic plasma flow was not determined in our subjects, the existence and extent of extrahepatic removal cannot be established. Horton and Tait (11) have assumed an hepatic plasma flow of 1600 liters/day, and they have concluded that at least one-third of the metabolism of A was extrahepatic. However, the large variations in hepatic plasma flow among subjects make such calculations very approximate.
Transfer constants between blood T and blood A pools are calculated from the ratio of the plasma concentrations of one isotope in T and A, and the ratio of their MCR (11, 13) . In this study, we have also calculated the transfer constants from the splanchnic pool of A or T to the blood pool of T or A, respectively. Constants were determined from the concentrations of both isotopes in the two steroids in peripheral and hepatic vein plasma. Since the splanchnic to blood, and blood to blood transfer constants were determined simultaneously, we have had the opportunity of establishing quanti-tatively the role of the splanchnic system in this interconversion.
We If one considers the specific case of our male subject, No. 1, the over-all contribution of PB (T) to PB (A) was 0.81 mg/day, but at least 86%o of the conversion, or 0.7 mg/day, took place outside of the splanchnic area. In this same subject, the over-all contribution of PB (A) to PB (T) was 0.1 mg/day with 'at least 60%o of the conversion (0.06 mg/day) extrasplanchnic. In our female patient, No. 3, the over-all contribution of PB(T) to PB (A) was 0.04 mg/day with at least 78%o of the conversion (0.03 mg/day) extrasplanchnic, whereas the over-all contribution of PB (A) to PB (T) was 0.1 mg/day, all conversion taking place outside of the liver.
In vitro conversion of T to A can be carried out by human red cells (17, 18) and human skin (19) , whereas conversion of A to T has been observed in rabbit skeletal muscle (20) . It is conceivable that these conversions could occur in vivo. It is of interest that we could not detect any significant extraction or interconversion of T and A by the kidney of one patient. 
